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Abstract

In any tinme period, in any industry, plant productivity
levels differ widely and this dispersion is persistent. This
paper explores the sources of this dispersion and their relative
magni tudes in the textile industry. Plants that are neasured as
bei ng nore productive but pay higher wages are not necessarily
nore profitable; wage di spersion can account for approximtely 15
percent of productivity dispersion. A plant that is highly
productive today nmay not be as productive tonorrow. | develop a
new net hod for neasuring ex-ante di spersion and the percentage of
di spersion "expl ained" by nean reversion. Mean reversion
accounts for as nmuch as one half the observed productivity
di spersion. A portion of the dispersion, however, appears to
reflect real quality differences between plants; plants that are
measured as being nore productive expand faster and are | ess
likely to exit.
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| nt roduction

Econom sts have | ong been interested in the w despread
cross-sectional dispersion in plant quality within an industry.?
Different nodels of industry equilibria enploy different
di spersion sources to generate dispersion in plant quality.
Model s in which technical change or selection lead to creative
destruction are based on real and persistent differences in plant
quality (cf. Dwer, 1994; Caballero and Hammour, 1994; and
Jovanovic, 1982). In other nodels, plants are subject to
i diosyncratic productivity shocks, which may or nay not be
persistent (cf. Ericson and Pakes, 1992; Hopenhayn, 1992; and
Dixit, 1992).2 Additionally, Chari and Hopenhayn (1992) generate
di spersion through techni cal change and vi ntage human capital.
G ven the breadth and richness of this theoretical literature, it

is inmportant to determne enpirically the relative inportance of

!Plant or firmaquality has been proxied by size (cf. Lucas,
1978), growth rates (cf. Mansfield, 1962), and profit rates (cf.
Pakes' review of Mieller, 1987; and Runelt, 1991) and the
measured value of an installed unit of capital, i.e., ¢
(Hopenhayn, 1992b).

’In Ericson and Pakes (1994) the productivity shocks are
influenced by the firms |level of investnent.
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the different dispersion sources.

When neasuring plant productivity levels in the textile
industry, | find that the nost productive plants produce up to
three tines the output of the |east productive plants with the
sane inputs. Previous enpirical research has found that: (1)
nmore productive plants pay hi gher wages; and (2) plant
productivity levels have a large transitory conponent.® This
paper neasures the potential for these two di spersion sources to
expl ain the observed dispersion in productivity levels. A third
possibility is that the dispersion results fromi nperfect
conpetition. In order to generate null hypotheses, however, |
must assune perfect conpetition; this paper asks: what percentage
of the dispersion in productivity levels is expected, given the
magni t ude of a di spersion source and the assunptions of a
conpetitive market?

Most neasures of productivity do not account for
het erogeneity in worker and/or job quality. 1In a conpetitive
equilibrium nore productive plants may pay hi gher wages because
t hey enpl oy higher quality workers (Dons, Dunne, and Troske;
1994) or they provide poorer working conditions. This wll |ead
to dispersion in neasured productivity that may be thought of as

measurenent error (a worker's skill level is an unobserved

3 See for exanple Bartel sman and Dhrynes, (1991); Baily,
Hul ten, and Canpbell (1992); dley and Pakes (1992); Bahk and
Gort, (1993); and Gort and Bahk and Wall, (1993).
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production input and job quality nay be thought of as an
unobserved production output.) M data clearly denonstrates,
however, that wage dispersion is not the whole story; if one
pl ant can produce three tinmes the output per input as another
plant with |abor that is 30 percent nore expensive, then it nust
be nore profitable, ceteris paribus. Approximately 15 percent of
t he observed dispersion is expected in the context of a
conpetitive market given the magnitude of wage di spersion.

The second source of productivity dispersion is transitory
i di osyncratic shocks. Demand or supply shocks and/or neasurenent
error wll lead to dispersion in observed productivity. A
stochastic conpetitive market (see Section IV) predicts that
there will be no ex-ante dispersion in productivity levels. This
paper devel ops a new nethod for neasuring ex-ante dispersion and
t he percentage expl ained by nean reversion in the context of
hi ghly unbal anced panel data with serial correlation. Wthin
three years, up to one half the dispersion can be expl ai ned by
mean reversion.* Gven its magnitude, determ ning the econonic

mechani sm behi nd nean reversion should be a research priority.

‘Dwyer (1994b) devel ops a nethod for analysis of variance in

a bal anced panel with serial correlation. It then executes this
met hodol ogy on a bal anced version of the data sets used in this
paper. In 4 out of 21 four-digit textile industries, there are

enough plants present in every year to create a bal anced panel.
Bal anci ng the panel, however, omts over 90 percent of the plants
ever present in these industries. The results of this

al ternative nethodol ogy are then conpared to the results in this
paper; the results are remarkably sim |l ar.
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Many papers have found evi dence suggesting that
manuf acturing industries are not in a long run equilibrium?® If
an industry is not in along run equilibrium one would expect
the nore productive plants to grow faster and to be less likely
to exit (cf. Dwyer, 1994; and Jovanovic, 1982). Provided
productivity is appropriately neasured, this paper shows that
this is indeed the case. This suggests that a portion of the
observed di spersion does indeed reflect actual differences in
pl ant quality.

This paper's contribution is to devel op and execute a
nmet hodol ogy for apportioning productivity dispersion into
different sources. Sone of the dispersion is the product of wage
di spersion and sone of it appears to reflect real quality
di fferences between plants. The | argest dispersion source,
however, is transitory shocks. These results are suggestive as
to the plausibility of different nodels of industry equilibria.
For exanple, nodels in which plants differ because of their
stocks of general human capital differ seeminconsistent with the

evi dence.

°For exanple, productivity growh is largely an aggregation
phenonmenon (Bartel sman and Dhrynes, 1991; O ley and Pakes, 1992;
and Baily, Hulten and Canpbell, 1992), i.e., when conputing the
aggregate | evel of productivity the weights of the nore
productive plants becone |arger over tinme. Wthin an industry
sone plants expand while others contract (Dunne, Roberts and
Samuel son, 1989; and Davis and Hal ti wanger, 1992). Plants that
are neasured as being | ess productive are nore likely to exit
(A ley and Pakes, 1992; and Baily, Hulten and Canpbell, 1992).
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The next section devel ops the nethodol ogy for neasuring
pl ant productivity |evels and dispersion in productivity in 21
different four-digit textile industries. Section |IIl measures
the extent to which dispersion in productivity |evels can be
expl ai ned by wage di spersion. Section IV devel ops and executes a
procedure neasuring the proportion of productivity dispersion
that is the product of transitory shocks. Section V argues that
a portion of the dispersion in productivity levels is real.

Concl udi ng remarks finish out the paper.

1. Measuring Productivity at the Plant Level

Productivity is defined as the ratio of outputs to inputs.
Qutput is neasured as real value added. |Inputs are neasured as a
wei ght ed geonetric average of enploynent and capital stock. The
wei ghts for the geonetric average are taken fromestinmates of a
Cobb- Dougl as production function.

My dat abase, an extract of the Longitudi nal Research
Dat abase (LRD), includes plants in 21 different four-digit
textile industries from1972 to 1987. The panel is highly
unbal anced. This results fromplants entering and exiting as
well as the fact that small plants are sanpled with a probability
of less than 1 in non-census years. The appendi x contains a
description of the sanpling nethods as well as a discussion of
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the construction of each variable. Table 1 reports the nunber of
plants and firnms ever present in each industry.

The LRD contains substantial reporting error especially
anong small and young plants. How to handle outliers has al ways
been a contentious issue when working with this data (c.f.,
Baily, Hulten, and Canpbell, page 263, 1992). Rather than
throw ng out outliers according to sone arbitrary rule, | devel op
techni ques for neasuring dispersion that are not outlier
dom nat ed.

My neasure of total factor productivity, TFP, wll weight
capital inputs (neasured as the book value of capital)® and | abor
inputs (total enploynent) according to the econonetric estimates
of a value added Cobb-Dougl as production function.’” | am
therefore assum ng that production technol ogy can be
characterized by a Cobb-Dougl as production function, with
unbi ased technical change. For each four-digit industry, |

esti mat e:

7 2
log(RVA;) - a - i 2 a,Tye8y, oLy ¢@10g (TE,,) -Blog (Book,,) e, .

ta72 =0

®Book val ue of capital is used to neasure capital inputs for
| ack of a better neasure. | have experinented with different
met hods for neasuring assets as the sumof real investnent |ess
depreciation. Book value is marginally better at predicting
val ue added.

"This formis the nost convenient to work with froma
t heoretical standpoint. Dhrymes (1991) found that results are
generally not sensitive to the choice of production function.
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Here RVA, TE, and BOXX are real value added, total enploynent,
and t he book val ue of capital, respectively.? The subscri pts,

itr, denote the plant, tinme period, and region respectively. The

i ndi cator variable, I|,,, is defined as:
it~ 1 if year =t and region =,
0 ot herw se,

where region 1 is the md-atlantic states (NY NJ and PA), region
2 is the southern states (VA, W/, NC, SC, GA, FL, KY, TN, AL, M)
and region O is all other states. Tinme-region dunmes are
included to reduce sinultaneity problens stemm ng froma possible
correl ati on between | abor inputs and productivity.® Table 2
summari zes the results of these regressions. Qbserve that the
coefficient estinmates are plausible, and that the production

functions exhibit constant returns to scale or close to constant

8Ordinary |l east squares is used to estimate the production
function. These estimtes are not efficient, because the error
termis not independent across tinme. The |arge nunber of
observations, however, should ensure that the estimtes are
reasonably accurate. Furthernore, ny results are robust to non-
econonetric neasures of productivity. Therefore, generating
efficient estimtes of these paraneters has not been a research
priority.

°l'f a plant receives additional information regarding its
productivity after it has hired its capital but before it hires
its labor then a plant will hire nore | abor when it expects to be
hi ghly productive. This results in the error term being
positively correlated with | abor and the coefficient on |abor
w Il have an upward bias. Including tinme region dumm es reduces
this problemto the extent that |abor inputs are hired on basis
of information concerning aggregate rather than idiosyncratic
productivity shocks. For further elaboration of this issue see
A ley and Pakes (1992).



returns to scale. TFP is then conputed as

RVA

TEP - .
TEAKP

Note that defining productivity as the ratio of output to
inputs inplicitly assunes constant returns to scale; a |large
plant and a small plant with the sanme output to input ratio are
by definition equally productive. Wen estimating Cobb-Dougl as
production functions, | neasure close to constant returns to
scale, rather than inposing it (Table 2). | have experi nented
W th ot her non-econonetric neasures of productivity that inpose
constant returns to scale (labor productivity and TFP neasured as
a Solow residual --the ratio of output to a geonetric average of
| abor and capital inputs, where | abor and capital are wei ghted by
t he average | abor share and one m nus the average | abor share,
respectively). M conclusions are in general robust to these

al ternative specifications.

Table 1: Number of Firns and Plants Ever Present in Each Industry

SIC Nunber Nunber
of of
Firns Pl ant s




2211 (Broad woven fabric mlls, cotton) 334 496
2221 (Broad woven fabrics mlls, nan nmade fiber and 531 776
si | k) 233 249
2231 (Broad woven fabric mlls, wool) 422 460
2241 (Narrow fabrics and other snallwares mlls) 325 376
2251 (Wbnen's hosiery above the knee) 541 609
2252 (Wbnen's hosiery bel ow t he knee) 1583 1645
2253 (Knit outerwear mlls) 139 167
2254 (Knit underwear mlls) 922 1008
2257 (Circular knit fabric nmills) 499 548
2258 (Lace goods and warp knit fabrics, an
aggregati on see appendi x) 180 177
2259 (Knitting mills, NEC 447 471
2261 (Finishers of broad woven cotton fabrics) 468 523
2262 (Finishers of broad woven man-nade fiber and 321 337
si | k) 678 733
2269 (Finishers of textiles NEC) 380 432
2273 (Carpets, an aggregation see appendi x) 586 858
2282 (Yarn texturizing, throwi ng, tw sting and 344 355
wi nding mlls) 22 34
2283 (Yarn and thread nills, an aggregation see 217 249
appendi x) 249 267
2295 (Coated fabrics, not rubberized) 885 931
2296 (Tire cord and fabric)
2297 (Nonwoven fabrics)
2298 (Cordage and tw ne)
2299 (Textile goods NEC, an aggregati on see appendi x)

In each four-digit industry, plants are grouped into ten
ranks on basis of productivity, wth each group having the sanme
nunber of plants init. That is, plants are ranked into deciles
1 through 10, with 1 being the | east productive and 10 being the
nmost. This paper neasures the dispersion of productivity as the
ratio of the ninth decile's average productivity to the second
decil e's average productivity (hereafter the TFPratio).° Figure
1 charts the tine evolution of this ratio for 20 four-digit

textile industries between 1972 and 1987.'' The TFPratio

This unit independent neasure of dispersion is chosen
because: (1) protecting confidentiality requires the grouping of
observations; and (2) the first and tenth deciles are avoi ded due
to outlier problens stenmng fromfaulty neasurenent, i.e., human
error.



typically ranges from between two and three;

four are not unconmon.

t owar ds convergence. Furthernore,
industry is plotted separately,

over time in only one industry.

L1l Labor or Job Heterogeneity

In this section, |

di spersion in productivity levels is the result of differing

costs of |abor inputs.

| will consider an equilibriumin which there are no adj ust nent
costs and no entry costs.
many plants who produce a honbgeneous product and are price
takers. In order for an equilibriumto exist,

CRS production functions.

Tabl e 2: Esti mates of Production Functions

Note that this figure shows no trend
when the TFPratio of each

di spersion consistently falls

argue that a portion of the observed

In order to fornulate a nul

Fur t her nor e,

hypot hesi s,

assune that there are

pl ants nust have

TFPratios as high as

Lsic

$

ll+$

“TFP ratios can be conputed from Figures Al-A6 and Al3- Al8
i ndustries and net hodol ogi es.
For the Cobb-Dougl as residual,

in Dhrymes (1991) for different
Simlar magni tudes are observed.

i ndustries 35, 36, and 38 exhibit TFP ratios of 2.0, 2.0, and 1.9

in 1972 and 3.1, 2.5, and 2.7,

in 1987,

respectively.



2211 0.8242 0.1739 0. 9981 0. 88
(.0164) (.0131) (. 0090)

2221 0.8013 0.1720 0.9732" 0. 86
(.0117) (. 0093) (.0071)

2231 0. 6936 0.2773 0. 9709 0. 86
(.0274) (.0224) (.0151)

2241 0. 7740 0. 1845 0. 9585 0. 83
(.0185) (.0136) (.0123)

2251 0. 8550 0. 1665 1.0215 0. 85
(. 0226) (.0188) (.0145)

2252 0. 8678 0. 1849 1. 0527 0.84
(.0177) (.0135) (.0103)

2253 0. 6332 0. 3303 0. 9635 0. 83
(.0114) (. 0091) (.0076)

2254 0. 8579 0. 1369 0. 9948 0.84
(.0358) (. 0265) (. 0195)

2257 0.7718 0. 1859 0.9577" 0. 80
(.0144) (.0113) (. 0089)

2258 0. 7811 0. 2374 1.0185 0. 83
(.0210) (.0161) (.0124)

2259 0.5732 0. 3632 0. 9363 0.87
(.0393) (.0328) (. 0225)

2261 0. 8333 0.1929 1. 0262 0. 89
(. 0265) (.0214) (.0143)

2262 0. 8152 0.1776 0.9928 0. 89
(.0192) (.0152) (.0104)

2269 0. 8457 0.1784 1. 0242 0. 82
(.0282) (.0222) (.0169)

2273 0. 7585 0. 2467 1. 0052 0. 80
(.0198) (.0162) (. 0100)

2282 0. 7805 0.1992 0.9798 0.81
(. 0220) (.0165) (.0135)

2283 0. 8845 0.1319 1.0164° 0.79
(.0132) (.0101) (.0081)

2295 0.8193 0. 2048 1. 0241 0. 82
(.0258) (.0197) (.0143)

2296 0. 9080 0. 1934 1.1014° 0.72
(.0743) (.0716) (.0507)

2297 0.7182 0.2739 0. 9921 0. 82
(. 0303) (. 0204) (. 0190)

2298 0. 8304 0.1753 1. 0057 0. 86
(.0271) (.0219) (.0153)

2299 0. 7451 0. 2559 1. 0010 0.84
(.0167) (.0131) (.0102)

The standard errors are in parentheses, which should be interpreted with
caution because the procedure does not take into account the serial
correlation in the error term The " in colum four denotes that the
hypot hesi s of constant returns to scale can be rejected with 95 percent
certainty.
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Figure 1: Productivity Dispersion in The Textile Industry
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Reports the TFPratios for 20 four-digit textile industries over
tinme. The TFPratio is the ratio of the nean productivity | evel
of the 9th decile plant to the 2nd decil e plant when ranked
according to productivity.

In equilibriumall plants will maximze current profits and
mnimze current costs. CRS production functions inply that

m nimzed costs are |inear in output:

c'(y) - cy,

where y is output. This inplies that profit per unit output is
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const ant:

H'(p_C‘)YI

where p is price and B is profits. Therefore, a finite positive
| evel of equilibriumoutput requires the equilibriumprice to

equal the per unit cost of the plants with the | owest costs,

p-g,

where ¢” is the lowest per unit cost of all plants. Aggregate
out put and who w Il produce this output is then chosen by the
Wal rasi an auctioneer to clear the output narket. This is a
rat her unsatisfying concept of an equilibrium because it has no
prediction regarding the size distribution of plants.
Neverthel ess, this equilibriumpredicts that all plants earn zero
econom c profits and have the sane per unit costs.

In nmeasuring productivity, | have assuned a val ue-added

production function of the form

Y - AL°KP,

where Y is real value added, K is book value of capital and L is
total enploynent.

Suppose the actual production function is:

Y - A(S:9U) kP,
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where S and U are skilled and unskilled workers, respectively
(StU=L). That is, skilled and unskilled workers are perfect
substitutes.' If this is the case, ny neasure of TFP is
i naccurate because it treats all workers as being identical, when
there may actually be skill differentials across plants. A plant
with high skilled workers is being neasured as a highly
productive plant.

Consider two plants. Plant 1 hires nore skilled workers
than plant 2. Assune that both rent capital at a rate of r.
Assune that each plant has CRS production functions and nornalize
output and price to 1. Cost mnimzation inplies that they wll

both use the same capital stock per unit output (K=K,). The

zero profit condition inplies that their wage bill is the sane:
w, L
w, L, = w,L, or 72 - fl,

where w is plant i's average wage. The productivity of plant i
is measured as:

1
B 14
L?‘Ki

1

TFP; -

Therefore, the TFPratio is given by:

2Thi s production function is chosen, because it is the nost
intuitive. Generalizing the math to allow for the possibility
that skilled and unskilled workers are inperfect substitutes and
that and the degree of substitutability differs across plants is
straightforward. The prediction regarding the relative neasured
productivity levels remains the sane. Defining the true neasure
of productivity, however, becones nore problematic.
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TFP, L2KP
TFP,  L*KP )

8|8
D ——
Q
[}

That is, given the output elasticity of |abor and the relative
wages of two plants, the assunptions of a conpetitive market
predict the relative neasured productivity levels. For any
industry in any year, | can conpute the ratio of the average
wages of plants in the 9th decile to those in the 2nd (Watio),

and | have an estinmate of Therefore, | can predict a

TFPratio for each industry in each year

pTFPrat, - (Wratio, )%,

where jt denotes the industry and tinme period, respectively.

The percent age expl ai ned by wage di spersion can be expressed by:

Wi , o= 1
¥ ages e 00 TFPrat:ioJ.t -1

pTFPrat, - 1 )

This definition uses the TFPrati o m nus one--the percentage
difference in productivity levels of the 85th and 15th percentile
pl ants--as the nmeasure of dispersion. |If the predicted

di spersion equal s the actual dispersion then the percentage

15



explained is 100, If the predicted dispersionis 1, then the
percent age explained is zero.

Table 3 presents the tine nean of the TFPratio, the Watio,
the pTFPrat and the 9%Mges for each industry. The largest Watio
is in industry 2298, twine and cord; plants in the ninth decile
pl ants pay 64 percent nore wages than plants in the second
decile. This predicts that the difference in productivity |evels
is 51 percent. The observed difference, however, is 216 percent.
Therefore, wage differences explain about one fourth of
productivity dispersion in industry 2298.* The percent
expl ai ned by wages range from2 to 23 percent with a nedi an of
12.5% Therefore, if the majority of the productivity dispersion

is due to differences in human capital, then the human capital

nmust be specific in nature, i.e., there is no spot market for it.
Tabl e 3: Percent of Dispersion in Productivity Levels Expl ai ned by Wages.
" S| C TEPr at Watio pTFPr at o%Nages "

BNote that this exposition is only an approxi mation,
because the nunbers reported are tinme neans of variabl es conputed
in each year.
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2211 2.448 1.175 1.141 10. 1
2221 2.328 1.207 1.163 12.1
2231 2.691 1. 305 1.200 12.3
2241 2.483 1.389 1.288 19. 8
2251 3.380 1.373 1.310 13.6
2252 2.344 1.317 1.269 19.5
2253 3. 054 1.513 1.296 16.0
2254 2.885 1.199 1.167 10. 4
2257 2.967 1.350 1.259 13.1
2258 2.992 1.438 1.326 17.1
2261 3.023 1.297 1.230 12. 2
2262 2.704 1. 441 1.344 21.1
2269 3. 365 1.324 1.264 12.0
2273 3.796 1. 340 1. 246 8.9
2282 2.724 1.284 1.215 12.5
2283 2.334 1.180 1.158 11.8
2295 2.891 1.311 1. 245 13.1
2296 4. 693 1.085 1.075 2.2
2297 2.798 1. 364 1. 243 12.3
2298 3.163 1.644 1.508 23.4
2299 3. 029 1.409 1.286 15.1

V. Transitory Shocks

One wi Il observe dispersion in productivity even if al
pl ants earn zero expected profits, because of price dispersion,
uncertainty in the production process, as well as measurenent
error. Dispersion in prices (wwthin a four-digit industry) is
measured as dispersion in productivity, because the real output
of a plant is neasured as revenue deflated by a four-digit price
index. |If price differences between plants are transitory, then
t he observed differences may be consistent with a |l ong run
conpetitive equilibrium Furthernore, transitory shocks to the

production process and/or neasurenent error can result in ex post

17



di spersion in the absence of ex ante dispersion. To analyze this
issue, it is useful to define a stochastic conpetitive

equi librium Consider a discrete tinme nodel in which plants
first conmt to a vector of inputs. A transitory idiosyncratic
productivity shock is then realized that determ nes out put.
Assunme that there are a | arge nunber of plants which produce a
honogeneous output and are price takers. Assune that the
expected equilibriumprice will equal the realized price.

A plant's problemis given by

Max, E(n) - E(pe® £(x) - wx),

where x is a columm vector of inputs, wis a row vector of input
prices, ef(x) is a honogenous of degree 1 production function,

and ,; is the transitory idiosyncratic shock.

Cost mnimzation and CRS inplies that costs and expected

profits are linear in expected output:

c'(y®e-c'y® implies (E(n))-(pc’)ys,

where y® = E(ef(x)). In equilibrium p =c¢" for the nost
efficient plants; and all plants in operation have the sanme cost
per unit expected output and therefore the sane expected
productivity. The Wlrasian auctioneer chooses the expected

out put of each plant such that the actualized aggregate output

18



will clear the market at the equilibriumprice. Even if there is
di spersion in ex-post productivity levels, ex-ante there is none.
Under this specification, the productivity shock is a supply
shock. Building a stochastic equilibriumwhich allowed for
demand shocks woul d require a nore conplicated demand structure.
In the data, however, | do not distinguish between supply or

demand shocks or, for that matter, nmeasurenent error.

Framework for the Enpirical Application

The question is sinple: what percentage of the variation is
not "explained" by plant effects? Applying standard anal ysis of
vari ances procedures, however, is problematic. First, one would
have to find or devel op an ANOVA procedure for an unbal anced
panel with serial correlation in the error term (for a discussion
of the difficulties involved see Dwer, 1995). Even with such a
procedure, however, the results would be outlier sensitive;
experinmentation with ANOVA procedures reveals that the inportance
of plant effects increases with the percentage of outliers that
are dropped fromthe data set. Therefore, | develop the
follow ng procedure that is not outlier dom nated.

In this section | wll define neasures of ex-post and ex-
ante dispersion. | simultaneously work out an exanple, which
assunes a specific distribution of the random vari abl es that
collectively forma plant's productivity level. The exanple is
intended to help the reader build intuition regarding the
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interpretation of these neasures in terns of famliar paraneters.
The nmeasures of ex-post and ex-ante dispersion, however, are
sensi bl e unit independent neasures of dispersion for any

di stribution. Let plant i's TFP in period t be given by:

e
TFP;, -V, e ™A, and tfp;, -v, +€; + a;,

where | ower case letters denote |ogarithnms. The transitory
conponent, ,;;, and the permanent plant conponent, a;, have the

follow ng distributions:

e, ~ n(-02/2, 02) and a, ~ n(p,o2).

| assune that ,;, is iid across plants and tine, and a, is iid
across plants. The assunption that ,;, is independent across
time is for expository convenience only. The tinme shock, V,, can
be either determnistic or random and i ndependent of a, and ,;,.
Because all neasures of dispersion are ratios, the tinme shock
al ways cancels out. Therefore, to sinplify the exposition
assunme that V, = 1 and v, = 0. | amnow ready to state ny null
and al ternative hypot heses:

H: F2 = 0; and

H: F2 > 0.
Under the null hypothesis, a stochastic conpetitive equilibrium

there is no dispersion in the permanent conponent of a plant's
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productivity |evel.

Clearly,

o
tfp ~ n(n T

2, ~2
o 0.+0,), and

Qo
p(tfpla)' 2 7

+
a e

where D is the correlation coefficient. That is, the |og of
observed TFP and the permanent conponent have a bivariate
distribution and are positively correlated. |If there are no
transitory shocks to plant productivity levels, F? =0, then the
correlation coefficient is one. As the nagnitude of the

transitory shocks goes to infinity, the correlation coefficient
goes to zero.
It can be shown t hat

exXp (LD 45)

TFPratio » —m8 ———_
exp(tfp ,5)

= exp(2.1/0-0y) .

where tfp, denotes the solution to tfp = F(x), where F! is the
inverse of the cumul ative density function of tfp. That is, if x
= .85, TFP, = exp(tfp,) is the productivity |evel of the 85th
percentile plant.

Def i ne

E(TFP, , ; |tfp;, = tfD o)  E(A|tIp 4)

E__ TFPrat, = - ,
rx TEPrat, E(TFP, x 3 |tfpjt - tfp o) E(Altfp ;)
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that is, the expected productivity |level of a plant x years from
now given that it was the 85th percentile plant today divided by
the expected productivity |level of a plant x years from now given
that it was the 15th percentile plant today. The tine

i ndependence assunptions inply that this is just the ratio of the
expectation of A given the respective percentil es.

It can be shown that the expected TFPratio is given by:

ETFPratio E(A|EID g5) 2.1
- —_ 1 x .
E(Altfp ;)

)

o
Gc?

(cf. Hogg and Craig, pages 117-120 (1978)).

Note that the expected TFPratio is less than or equal to the
TFPratio and equal to it only if there are no transitory shocks
to the production process. Under the null hypothesis--that there
is no dispersion in the pernmanent conponent to plant productivity

| evel s--the expected TFPrati o equals 1.

The percentage expl ai ned can be defined as:

(TFPratio, , - 1)-(E,, ,TFPratio, - 1)
(TFPratio, , - 1)

$Shocks,, . - 100

whi ch is approxi mately equal to:
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O,

o2
%$Shocks = 100 = 1.

Note that this expression is based on the approxi mation
| og(1+x)=x, which is problematic in this context, because x is
typically large. Nevertheless, it illustrates that the
per cent age expl ai ned by shocks is the ratio of the variance of
the transitory shocks to the total variance. |If there are no
transitory shocks, the percent explained is O; if there is no
variance in the permanent conponent of plant productivity |evels
t he percent explained is 100.

The E,,,TFPrati o, can be estimated by:

Mean TFP,, of plants € Decile 9 in year t

Sample E, TFPratio, - 7 ; .
P b ¢  Mean TFP,, of plants € Decile 2 in year t

This is a consistent estimate of the enpirical analogy to the

t heoretical definition of the expected tfpratio; the ratio of the
mean productivity of plants that were in the ninth decile to the
mean productivity of plants that were in the second. This
estimate, however, has two problens: (1) it is biased in snall

sanples; and (2) there may be sanple sel ection bias under H..

The potential size of the small sanple bias can be
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establ i shed as foll ows. Let X and Y be random vari ables fromthe
distribution of TFP,,, given that the plant was in the ninth and

second decile, respectively.
. X _ 1
E(sample E, , TFPratio, )- E ( T7) - E(X) E ( T7) ,

provided E( 3—17) exists.

Here the bars denote sanple neans. By Jensen's inequality,

E[A) 1
Y] E(Y)

By the central |imt theorem the distribution of a sanple nean

approaches a nornmal distribution as the sanple size becones
large. It can be shown that if W- n(1, F?)) and Z - n(y, (pF)?
then E(1/W = pE(1/2). That is, the bias of the estimator is in
proportion to the nean divided by the standard error.
Furthernore, nonte-carlo results suggest that the bias is |ess
than 4.5%if w/F >5. That is, if the standard deviation is
| ess than one fifth the nmean then the bias should be | ess than 5
per cent .

To ensure this bias is small, the ETFPratio is only
estimated if the sanples fromwhich the nunerator and the
denom nator are calculated satisfy two criteria:

(1) the sanple size exceeds 10, and

(2) the nean of the sanple is greater than five tines the

standard error.
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These conditions are placed on both the nunerator and the

denom nator to ensure consistency. The first conditionis to
give sone credibility to invoking the central |limt theorem The
second requi renent should ensure that the bias is less than five
percent .

The sanple selection bias results fromthe | ess productive
pl ants being nore likely to exit. This will bias the sanple
means upward and the bias will be larger in the denom nator than
in the nunerator, because plants in the |ower deciles are nore
likely to exit (Aley and Pakes, 1992; Baily, Hulten and
Canpbel |, 1992, and Dwyer, 1994). Therefore, the ETFPratio is
bi ased downward under the alternative hypothesis, which increases
the probability of accepting a wong null hypothesis.

Table 4 presents the tine nean of the TFPratio and the
sanple E ., TFPratio, for x ranging from1 to 12 for all
industries. A cell was set to mssing if an ETFPrati o coul d not
be conmputed (given the above restrictions) in at |east four
different years. Table 5 reports the percentage expl ai ned by
transitory shocks.

The percentage explained within one year can be conputed for
seven industries, and runs between 34 and 50 percent; as nuch as
50 percent of the dispersion in productivity |evels disappears
within one year. At three years, as nmuch as 70 percent of the
di spersion di sappears. The | argest percentage expl ai ned conputed
in any industry for any X is 81 percent, even though the
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percent age expl ai ned can be conputed for up to ten years in two
industries. |t appears that there is a permanent conponent to a
plant's productivity | evel and the null hypothesis can be

rej ected.

In order to conpute the ETFPrati o and %shocks for nore
i ndustries, | conpare the plants in deciles eight and nine (70 -
90 percentiles) to those in the second and third deciles (10-30)
in Tables 6 and 7. The results are simlar; 36.3 percent and
56. 3 percent of the dispersion is explained within one and three
years respectively, for the nmedian industry. Once again the
percent age explained is always | ess than 100 percent; the maxi num
ever explained is 85.5 percent.

Note that the EXTFPratio falls nontonically in the first
three years for all industries. Between three and four years,
however, the Etfpratio increases for three out of six industries
(Table 6). Therefore, there appears to be serial correlation in
a plant's productivity level that "exhausts" itself within three
or four years. First order auto-regressions on the bal anced
panel show that this is indeed the case (Dwer, 1995).

Section Il suggests that the plants that pay hi gher wages
are actually using nore | abor neasured in efficiency units. |If
one believes that |abor is paid the value of its narginal
product, then the efficiency units of a plant's |abor is in
proportion to its payroll. Therefore, total payroll can be used
as a neasure of |abor inputs rather than total enploynent. One
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can re-estimte a Cobb-Dougl as production function with the

payrol|l rather than total enploynent as a neasure of |abor inputs

to get an estimate of "', and conpute total factor productivity

as:

RVA

WATFP = ’
Book® (Payroll)®

Thi s met hod, however, is problematic. It is not clear whether a
firm pays hi gh wages because it is highly productive or appears
to be highly productive because it enploys high quality | abor;

t he average wage of a plant is an endogenous variable that is
likely to be correlated with the error term i.e.,
productivity.' Nevertheless, | conputed Table 4-7 for the wage

adj ust ed

YBaily, Hulten, and Canpbell nmke this point (page 203,
1992) .
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Tabl e 4. Expected TFPratios: Conpares 80-90 and 10-20
Percentil es
SIC | TFPrat | ELTFPr | E2TFPr | E3TFPr EATFPr ES5TFPr
2211 | 2. 44 1.76 1.57 1.38 1.49 :
2221 | 2. 32 1.84 1.74 1.52 1.44 1.56
2231 | 2. 69
2241 | 2. 48
2251 | 3. 38 :
2252 | 2. 34 1.65 :
2253 |1 3.05 2.26 1.84
2254 | 2. 88 : :
2257 | 2. 96 2.23 1.87
2258 | 2.99
2261 | 3.02
2262 | 2.70
2269 | 3. 36 : : :
2273 |1 3.79 2.43 2.03 1.73
2282 | 2.72 : : : : :
2283 | 2. 33 1.69 1.52 1.42 1.53 1.38
2295 | 2. 89
2296 | 4. 69
2297 | 2.79
2298 | 3. 16
2299 | 3.02
SIC | E6TFPr | E7TFPr ES8TFPr | EQTFPr | EIOTFPr | E11TFP | E12TF
P
2221 | 1.57 1.52 1.37 1.38 1.45 1.32
2283 | 1.25 1.38 1.27 1.35 1.74
Tabl e 5: Percent Expl ai ned By Shocks: Conpares 80-90 and 10-20

Percentil es

SIC oshocks | “Shocks | %B8hocks | “Bhocks4 | “Shocks5 | %Shock6
1 2 3

2211 | 37.5 56. 8 71.2 62.1 . .

2221 | 37.0 41.1 59.2 65. 6 54. 4 54,2

2252 | 49.6 . .

2253 | 34. 4 56. 3

2257 | 35.7 54,1 .

2273 | 42. 4 59.5 69. 3 . . .

2283 | 47.0 59.5 67.4 60. 1 72.2 81.1

28




Table 5 (Cont):

Per cent

and 10-20 Percentil es

Expl ai ned By Shocks:

Conpar es 80-90

Sl C oshocks | “Shocks | %8hocks | “Bhock10 | ¥%Shockl1ll | 9%Bhockl1?2
7 8 9
2221 | 60.1 70.8 70. 4 63.7 75. 2
2283 | 70.9 79.1 72.7 42. 2
Tabl e 6: Expected TFPratios: Conpares 70-90 and 10-30
Percentil es
SIC | TFPrati E1TFPr E2TFPr E3TFPr E4ATFPr ESTFPr
0]
2211 | 2. 06 1.63 1.55 1.31 1.31 1.18
2221 | 1. 97 1. 64 1.50 1.41 1.38 1.34
2231 | 2. 22 . .
2241 | 2. 09 1.77 1.63
2251 | 2.71 2.13 . .
2252 | 1.98 1. 65 1. 65 1.48
2253 | 2. 43 1.83 1.77 1.75
2254 | 2. 32 . . . .
2257 | 2. 37 1.95 1.79 1.55 1.45
2258 | 2. 44 1.85 1. 64 1.63
2261 | 2. 41 . . .
2262 | 2. 20 1.78 1.60 1.59
2269 | 2. 57 2.17 . . .
2273 | 2. 95 2.19 1.84 1.78 1.80
2282 | 2. 23 1.60 1.41 1.31 1.47 .
2283 | 1.98 1.55 1.41 1.35 1.42 1.29
2295 | 2. 33 1.75 1.68
2296 | 3. 25
2297 | 2. 24
2298 | 2. 56 . .
2299 | 2. 45 1.75 1.69
SIC | E6TFPR | E/TFPr | EBTFPr | EOQTFPr | EIOTFPr | E11TFPr | E12TF
P
2211 | 1.35 1.39 1.48 1.22 : : 1.15
2221 | 1. 22 1.27 1.25 1.13 1.41 1.23 1.20
2273 | 1. 39 : : : . . .
2283 |1 1.20 1.47 1.24 1.29 1.42 1.19 1.20
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Table 7:

Percenti |l es

Per cent

Expl ai ned By Shocks:

Conpares 70-90 and 10-30

Sl C oshocks | “Shocks | B8hocks | “Bhocks4 | “Shocks5 | %Bhocks6
1 2 3

2211 | 39.4 47. 3 68. 8 65. 6 81.1 62.5

2221 | 32.6 48. 1 55.8 59.7 63.9 75.7

2241 | 30.6 40.5

2251 | 23. 4 . .

2252 | 33.2 31.6 50.0

2253 | 38.5 45.0 49. 4 .

2257 |1 30.9 42.9 60. 4 66.5

2258 | 36.6 48. 1 52.3

2262 | 34.3 47. 8 36.2

2269 | 33.1 . . . .

2273 | 36.3 54. 3 56.9 55.6 79. 3

2282 | 50.6 65. 4 74. 4 63. 6 . .

2283 | 42.9 57.2 63.5 56. 3 70.0 78.9

2295 | 40.7 49. 6

2299 | 47.7 47. 3

Sl C oshocks | “Shocks | %8hocks | “Bhock10 | ¥%Shockl1ll | ¥%Shockl1?2
7 8 9

2211 | 61.6 53.3 75.3 . . 85.5

2221 | 71.0 72.9 85.5 56. 2 75. 4 79.0

2283 | 51.6 75.3 70.9 56. 6 80. 3 78.7

measure of productivity.

they are rather simlar.

sonewhat snall er,
medi an industries are nearly identical
one and three years,

percentiles to 10-30 percentiles).

but the

| only sunmarize the results because

The magni tude of the dispersionis

per cent age expl ai ned by shocks in the

Ther ef ore,

respectively, when conparing 70-90

(38.1% and 57.8% wi thin

it appears as

though the transitory shocks are operating i ndependently of wage

differential s.
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V. Are These Measurenents of Productivity Meani ngful ?

Section |V denponstrated that there is a pernanent conponent
to a plant's neasured productivity level. A portion of this
conponent is certainly the result of persistent neasurenent
error. |If plants that are neasured as nore productive are truly
nmore conpetitive, however, then they should be nore likely to
expand and less likely to exit.' |In answering this question, it
is inmportant to avoid sanple selection bias. Therefore,
conpute the average growth rates of real value added, total
enpl oynent and real book value of capital as well as the exit
rate between census years (72&77, 77&82, 82&87) for each
productivity decile. In census years plants are sanpled with
probability 1 (in theory). Table 8 reports the average growh
rates as well as the exit rates for each productivity decile for
the first neasure of productivity. Results were simlar for the
wage adj usted neasure of productivity and are not reported. The
growh rates are increasing in productivity while the exit rates
are falling, as predicted.

It is worth noting that the growmh rates are conputed on
basis of the average productivity over the two census years for a
reason. |If one conputed the sanme table, but ranking on basis of

the initial productivity level, then regression to the nean

“Dwyer (1994) presents a nodel that yields these
inplications, within the context of a distortion free conpetitive
equi | i brium
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dom nates the results. In conputing productivity, real val ue
added is the nunerator and book val ue of capital and total

enpl oynent are in the denomnator. Therefore, if plants that are
measured as highly productive contain substantial neasurenent
error, one woul d expect the neasurenent error to be positive in
the nunerator and negative in the denom nator. When conputed on
basis of productivity at the beginning of the tinme period growth
of real val ue added was decreasing in productivity, while book
val ue and total enploynent were increasing in productivity,
exactly as regression to the nean predicts.

There clearly is a large transitory conponent to a plant's
measured productivity level. Nevertheless, the productivity
level of a plant is inversely related to its probability of
exiting. Furthernore, the average productivity |evel over two
census years is positively associated with both the growth of
i nputs and outputs. Therefore, it appears that the permnent
conponent to a plant's neasured productivity level is indicative

of its underlying conpetitive position.

Table 8. Gowh Rates and Exit Rates by Productivity Ranking

||Deci|e CRVA GIE GBOOK EXIT "
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1 -0. 204 -0. 109 -0. 070 0. 395
2 -0.011 -0. 080 -0.074 0. 343
3 0. 025 -0. 067 -0. 079 0. 314
4 0. 033 - 0. 049 - 0. 003 0. 300
5 0. 079 - 0. 045 - 0. 056 0. 262
6 0. 147 0. 051 0. 001 0. 255
7 0. 132 0. 008 -0. 012 0. 203
8 0. 201 0. 031 0. 066 0. 217
9 0.172 0. 050 0. 037 0. 206
10 0. 228 0. 106 0. 062 0. 250

Col umms 2-4 report the weighted average of the growth rates of
real val ue added, total enploynent and book val ue of capital
bet ween census years (between 1972&1977, 1977&1982, and
1982&1987). The growth rate is conputed as the difference

di vided by the average. The deciles are conputed on basis of
the average of TFP at the beginning and end of the tine
interval. Each plant is assigned a ranking on basis of its
relative standing within its four-digit industry. In
conputing the exit rates, the plants were assigned into
productivity deciles according to their TFP in the beginning
of the tinme interval. A plant was counted as having exited if
it was not observed in any industry in the follow ng census
year.

VI. Concl usion

| f an econom st were to |look at an industry with w despread
di spersion in productivity levels, he mght conclude that there
were large distortions in the industry that allowed the
inefficient to remain in operation. This research denonstrates
t hat the
majority of observed dispersion can be rationalized within the
context of a conpetitive industry equilibrium an equilibrium
that is distortion free and efficient by construction.
W despread di spersion in productivity |levels, therefore, is not
necessarily evidence of inefficiency. Furthernore, the results

are suggestive as to which nodels of productivity dispersion fit
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the textile industry.

Approxi mately one half of the dispersion is due to
transitory demand or supply shocks and/or neasurenent error. A
stochastic conpetitive equilibriumpredicts that all productivity
di spersion will disappear over tinme when fixing plants into their
original deciles. Wthin three years, approxinmately one half the
observed di spersion disappears. These results are consi stant
with nodels in which a plant is subject to idiosyncratic
productivity shocks (cf. Hopenhayn, 1992; and Dixit, 1992).
Further research on the econom c origins of these shocks,
however, is required (vs. the hypothesis that the nean reversion
is entirely the product of reporting error).

The fact that sone plants pay their workers higher wages
inplies that they nust get nore out of their workers in order to
be conpetitive. Wthin the context of a conpetitive equilibrium
approxi mately 13 percent of the dispersion in productivity can be
accounted for by wage dispersion. Therefore, it is unlikely that
nmodel s in which differences in general human capital lead to
differences in plant qualities will account for a "large" portion
of the observed dispersion in productivity.

Nevert hel ess, a portion of the dispersion persists over |ong
time periods. This may be the result of m s-neasurenent of
capital inputs or persistent differences in market power. The
fact that nore productive plants are less likely to exit and grow
faster, however, suggests that a portion of this dispersion is
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real; there appears to be a case for creative destructive based
expl anations of industry evolution. Sone plants are consistently
nore productive than others and they are expandi ng and drivi ng
the | ess productive out of business. But if the nore productive
plants grow faster and are less likely to exit, then why do we
not observe convergence in productivity levels over tine? Dwer

(1994) focuses on this puzzle.
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Appendi x: Dat a

My data set consists of the textile plants (SIC 2200-2299)
in the Longitudi nal Research Database (LRD), which is based on
t he Annual Survey of Manufactures (ASM and the Census of
Manuf actures (CM . The sanple runs from 1972 until 1987.
Regressi on anal ysis can be perforned separately on 22 different
i ndustries. The TFPratio, however, can only be conputed for 21
i ndustries due to the small nunber of observations in industry
2259. Statistics taken fromindustries 2259 and 2296 are
soneti mes suppressed due to confidentiality requirenents.

The CMis carried out every five years (1967, 1972, 1977,
1982, and 1987) and each plant is, in principle, sanpled with
probability one. The ASM draws a sanple of plants two years
after the census, and then follows this sanple for five years
(these sanples begin in 74, 79, and 84). The sanple probability
is increasing in plant size.

My sanple is a subset of a sanple that includes al
informati on avail able on every plant ever in the SIC codes 2200-
2299 from 1967 to 1989. The sanple is truncated to drop
adm ni strative record cases, which are small plants for which
only a limted anount of information is collected, and drops pre-
1972 and post-1987 observations. The pre-1972 observations were

dropped in order to construct a conplete tine series and the

For a detailed description of this database see McQuckin
and Pascoe (1988).
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post - 1987 observations were dropped because book-val ue of assets
were not collected in 1988 or 1989. The regressions are ran
separately for each four-digit SIC code, and therefore a pl ant
was only included in the regression if it was in that textile

i ndustry. M unbal anced sanple contains four years in which al
firms are sanpled with probability one (in theory), and three
different sanples in which large firns are sanpled with a higher
probability. Because of the way the sanple is drawn, the
probability of a new plant entering ny database is only positive
in the years 1972, 1974, 1977, 1979, 1982, 1984, and 1987.

To resol ve an apparent inconsistency in the classification
of plants in census and non-census years the foll ow ng
aggregations are made: SIC 2258 includes DI ND 2258 and 2292; SIC
2273 includes DIND 2271, 2272 and 2279; SIC 2283 includes D ND
2281, 2283 and 2284; SIC 2299 includes DI ND 2291, 2293, 2294 and
2299 (DIND is the derived industry code). The relevant prices
i ndi ces were conputed as a Laspeyres price index with 1987 as a
base year via Gray's productivity database with total val ue of

shi pnments as the rel evant weights (G ay, 1989).

Vari abl e Constructi on:

RVA (Real Val ue Added)
Val ue added is conputed as the total value of shipnents plus
changes in the value of inventories |ess the cost of
materials (including materials, supplies, fuel, electric
energy, cost of resales, and cost of contract work). Value
added is deflated through Gray's shipnments price index to
gener ate RVA

37



TE (Total Enpl oynent)

BOOK

Total enploynent is the sumof the average nunber of
production workers and nonproducti on workers.

(Book val ue of Capital)

The only neasure of assets that can be cal cul at ed
consistently across small plants (which are intermttently
sanple) and large plants is book value. That is the book
val ue of buil dings and nachinery at the end of the period
plus the capitalized value of rental paynents defl ated by
Gray's investnent price index.

Assets, = (BAE, + MAE)/PINV, + (BR+VMR)/ (r,PINV,).
Here BAE and MAE are the book val ue of assets and machi nery
at the end of the period; BR and MR are rents paid for
bui | dings and machinery; and r is the user cost of capital.

Payrol |l and Average Wages

Payroll is the sumof total salaries and wages (SW plus

l egal ly required supplenental |abor costs (LE) and voluntary
suppl emental |abor costs (VLC). Average wages are payrol

di vided by total enploynent (TE).
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